Many studies of CBF in normal humans have been reported in the literature over the last 40 years, using a variety of techniques yielding widely varying average values for resting CBF in normal younger adults-from �35 to �75 mlll00 g/min, They cannot all be correct, because there is no reason to doubt that resting normoxic and normo capnic adults having a normal hematocrit must also have practically the same average CBF indepen dently of sex, race, country, climate, etc, Normal adults show a very slight decrease of CBF with age, which is on the order of 0,5%/year (Naritomi et aI., 1979; Davis et aI., 1981; Hagstadius and Risberg, 1983 ; Matsuda et ai" 1984) ,
The proposition to be presented here is that normal adults of mean age 30-40 years have an average CBF of 50 ml/l00 g/min and that the error of this estimate, as will become apparent from the following discussion, is unlikely to exceed 5 ml to either side, Thus the thesis proposed is-any de viation of mean CBF outside this range of 45-55 mll100 g/min must be due to systematical errors of the method used, One cannot, for obvious reasons, conclude the converse, viz" that a mean normal value inside the range mentioned means that no systematical errors influence the method used, Clearly, the sum of er rors may so balance each other as to yield the "cor rect" mean value yet with the errors not necessarily canceling out in other states, so that despite correct mean normal values, the method is nevertheless not valid at all-or not quite valid-depending on con ditions.
The first study to be discussed is the classical report of Kety and Schmidt from 1948. It gave the first detailed description of the nitrous oxide method, and great care was exerted with all details. The mean CBF in 32 studies of 13 young male adults, college students �20 years of age, was 56 mlll00 g/min in normocapnia. Owing to the cessa tion of the study at 10 min, this method cannot fully take into account the white matter flow, an error that is slightly enhanced because the arterial curve is not completely horizontal. The combined effect 347 is likely to be that of an overestimation of CBF of � 10-15%. The effect of extracerebral contamina tion is estimated to be � 2% and therefore there could be a maximum underestimation of the same magnitude. Combining these errors could mean a 10.5% overestimation, and hence we reach an es timate for "true" CBF of 51 mg/100 g/min.
Using 85Kr instead of NzO, Lassen and Munck (1955) employed Kety and Schmidt's principle. Their normal subjects, 10 men and 10 women, av erage age 36 years, had a mean CBF of 52 mll100 g/min, when calculated for 14 min of saturation and with a 15-s shift of the venous curve to estimate flow per 100 g of blood-free brain, The effects of these two differences relative to the classical Kety Schmidt method go in opposite directions-o mis sion of the shift rendering the data comparable with all others in the literature would imply an �8% de crease in average value, which consequently would come at �48 mll100 g/min. Using the same 85Kr technique, but without shifting the venous curve, Lassen et al. (1960) later found a mean normal value in 11 young adults, average age 22 years, of 50 mll 100 g/min for a lO-min duration of the study and of 45 mll100 g/min when extrapolated to infinity, The low solubility of 85Kr and the 60-L respiratory system implied a practically horizontal arterial curve from 3 to 10 min as compared with the slightly rising curve for NzO over the same time interval. This means that the brain tissue is closer to equilib rium with mixed cerebral venous blood for 85Kr than for NzO at 10 min. That in its turn implies that one must expect slightly lower, and more correct, values with the use of 85Kr at the same time. Thus, we must conclude that 50 ml/100 g/min is closer to the true value than the 56 ml/l00 g/min reported by Kety and Schmidt (assuming no errors in the par tition coefficients), Lassen et al. (1960) also extrap olated the curves to infinity and obtained a value of 45 ml/100 g/min, But this approach would tend to enhance the effect of extracerebral contamination. Hence, 45 mll100 g/min must represent a (slight) underestimation of true average flow.
A number of CBF studies using the intraarterial 133Xe method have reported on normal values. This method is based on the bolus injection of 133Xe in saline into the internal carotid artery. One or more external detectors are used to record the washout from the brain. This method is basically the same as the Kety-Schmidt method, both giving essen tially a measure of the mean transit time 1 of the inert tracer gas through the brain tissue. The two methods give the same value if applied to the same subjects (Lassen and Klee, 1965) .
In relation to the intraarterial 133Xe method, two minor errors peculiar to this approach will first be discussed. Both errors, recirculation and difficulties in obtaining the true maximal height of the curves, result in an underestimation of CBF. Hence, the 133Xe normal values would tend to give a lower limit of "true" CBF. As seen from Ta ble I, the mean normal CBF value lies between 50 and 53 mlllOO gl min, when calculating the data using the height over area equation of Kety and Schmidt for an experi mental duration of 16 min. This calculation proce dure results in an overestimation of CBF on the order of 10% or slightly less. But one cannot readily avoid it by extrapolating the data to infinity, as the recirculation effect then becomes more important. It should be noted that the two errors first men tioned and the error due to using an experimental duration of 10 min counteract and hence partially cancel each other.
The above-reviewed data indicate that the true value of mean CBF is likely to lie very close to 50 ml/lOO g/min. This is the conclusion from the "in vasive" inert gas methods (N20, 85Kr, and 133Xe) , which all are based on the mean inert gas transit time principle pioneered by Kety and Schmidt. All three gases give approximately the same results. Errors in determining the correct brain-blood par tition coefficient should nevertheless be discussed as the experimental data on which these coefficients are based are rather limited. It would seem most unlikely, however, for all three experimentally de termined coefficients to deviate systematically to the same side from their respective true value by > 10%. It is on this basis, and in consideration of the general errors involved in studying small sam ples of normal subjects, that a range of 45-55 mil 100 g/min was set for the "true" CBF in the intro duction. The data suggest that this is in fact likely, and that one could set a narrower range, perhaps 46-52 ml/100 g/min.
Recently a method has been devised using posi tron-emitting microspheres injected in the left ven tricle of the heart for measuring CBF by positron emission tomography (Brooks et aI., 1985) . The technique is of special interest in the present con text, because it differs radically from the inert gas clearance methods referred to above. It must also be stressed that the method is theoretically sound, giving very reliable CBF data in animals. Syste matical errors should be minimal assuming proper calibration. A group of nine subjects, average age 57 years with ischemic heart disease (but without cardiac failure), gave a mean whole-brain CBF value of 51 ± 8 mlllOO g/min. This value was ob tained by sampling 800-900 pixels of size 2.5 x 2.5 mm in a contiguous ribbon of the tomogram com prising both cortex and underlying white matter, a region of a size implying a ratio of gray to white matter that cannot be much different from that of the brain as a whole. It should be added that judging from the literature, patients with cardiac disease have only subnormal CBF, if they are in manifest cardiac failure. For this reason, and accepting the intrinsic reliability of the approach, the value of 51 mlllOO g/min constitutes a truly independent pro posal as to what could be true mean CBF in normal humans.
The above discussion presents some of the most reliable CBF evaluations in normal humans with a discussion of the errors. This discussion cannot truly give all the details, as this would render the article difficult to read and too long for keeping an overall impression sharp in focus. There are, as mentioned in the introduction, a very great number of other studies on normal subjects published in the literature, e.g., using the continuous sampling ver sion of the Kety-Schmidt method, the I33Xe inha lation technique, or positron technology with a wide 40 ± 4 39 ± 3 45 ± 3 39 ± 3 Regional CBF 10 min 50 ± 8 50 ± 5 53 ± 6 51 ± 5 variety of approaches. No attempt will be made to go into the multitude of technical problems that must be discussed to understand these techniques in detail. But the thesis of this article is simple enough: that any deviation of mean normal CBF outside 45 -55 mll 1 00 g/min is clear indication of gross systematical errors, without-as also stated-a "correct" mean normal CBF per se im plying the absence of such errors. If one accepts this thesis, then it is a challenge to all studies of normal CBF to account quantitatively for any deviation from the "Gold Standard." This report may alternatively be considered as a block of evidence that must be bulldozed aside, if another "true mean CBF" in normals is to be accepted; how this can be done is beyond the imagination of this reviewer. No light argument such as the state ment "the literature does in fact report averages ranging widely, so that we do not know what the correct value may be" is truly acceptable. One must look carefully into the validity of each method and not assign equal weight to all studies. The Kety Schmidt approach and the closely related intraar terial method are the classic heavyweights. It is against the Gold Standard hereby set that other techniques must be evaluated.
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